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ITUHCY

Predicting a
community's
risk from
lead-contam-
inated soil \9
not a simple
task, but EPA
believes it
now has an
accurate and
scientifically
rigorous
approach.

VUhen Is •Lead
a Health^
Risk?
I n 1988 EPA came to Throop. PA. in search of lead. A bat-

tery recycling plant thai doted in 1981 had contaminated
yards and gardens for 20 yean and left in average 2000 ppm
of lead in die Mil, a concentration high enough to trigger
an emergency cleanup according to Agtncy guidance at the
time. More dian a hundred yards, gardens, and home inte-

rion were ripped up and cleaned in die $20 million cleanup, which
was welcomed by die residents and local doctors who were con-
cerned about the number of congenital anomalies and teaming
impediments in die local population.

But white EPA wa* cleaning up Throop, anodier tmall town in
Colorado was reacting very differently to die Agency * u»eu-
ment Mining activity caused die lead contamination that EPA in-
tended to clean up in Aipen's Smuggler Mountain neighborhood
in 1986. But me affluent citizens and local doctors were skepti-
cal Vvhen a 1990 survey found tow blood lead levela, residents seized
on die retuka as proof that then was no problem. The commu-
nity's view apperendy wax vindicated by die findings of an inde-
pendent technical advisory committee U). Soil lead at Smuggler
Mountain, die six expert* concluded, did not pote an immediate
health problem, and so die EPA cleanup was abandoned in favor
of minor precautionary measure*.

Although many communities welcome EPA and fight for more
cleanup action, not lest, Smuggler Mountain haa not been alone
in rejecting official advice about the hacarda of Living in a hlgh-
leed environment Even though the soil lead trigger values diat pre-
viously prompted action have been superseded by use of a pre-
dictive model, the controversy over health risk assessment has
persisted. Communities such as Palmerton. PA. continue to fight
against environmental cleanup, dthig tow blood lead levels as proof
chat meir health is not at risk.

These discrepancies between hlood lead measurements, the mon

R E B E C C A R G N N E R

* • VOL. If. HO I. 1M« / SCCNCI * TECMNOI -' •'



ef ln< nnoaiinMd »M) si Threat. Pii««y»n*i«. waa

widely accepted biological index of lead exposure, and
EPA's model predictions of blood lead levels have
called Into question the Agency's approach to health
assessment at lead-contaminated sites and pro-
voked a major revision in the pan year. But as EPA
begins to implement the new approach, field trials
of the risk model arc demonstrating just how diffi-
cult it is 10 accurately predict a community's health
risk from lead exposure.

Lead in soil presents a health risk to young chil-
dren. the population most at risk, because they In-
(jest some soil as part of their hand-to-mouth activ-
ity. But how much they ingest depends on many
poorly constrained physical and behavioral factors,
In mm, the absorption of Ingested lead, measured
by bioavailabiliry, is controlled by factors that in-
clude (he physical and chemical characteristics of the
lead-bearing mineral and the physiology *nd me-
tabolism of the child. To make matters mot* com*
plicated, soi is not the only sauna of lead: expo-
sure also can corn* from paint air. wattr, and ftxxi
And numerous epidemiologicml srudlM have shown
that children can b« ai risk without manifesting any
obvious symptomsL An increased understanding of
ih«ae advene effects prompted me Centers for Dis-
ease Control and Prevention (CDQ to lower the ac-
ceptable Mood lead level three times In the past 20
years, creating an ever lower target for risk ustws-

(2}.

if nidi
To address dMse difficult^*, EPA has spent five yean
improving its predictive model and developing new
guidance. Published in February 1994, the revised In-
icurated Exposure Uptake Bioldnetic model (IEUBK;
version 0.9*1) and the accompanying guidance man-
ual (3} change lome default parameters and pro-

vide new guidance on using the model to estimate
blood levels across a comnunity. The model also ad-
dresses how to evaluate uncertainty in predicting an
individual child* Wood lead lev* Although me model
is being <HWH on all new risk assessment) at rites cov-
ered under the Comprehensive Environmental Re-
sponse. Compensation, and Liability Act and the Re-
source Conservation and Recovery Act. a validation
exercise comparing model predictions with data from
different sites is under way. The results from these
trials are being used by EPA to refine the model

An Office of Solid Waste and Emergency Re-
sponse (OSWER) interim directive published in July
1994 (4) specifies that the model should be used by
risk assessors on a site-specific basis to find rhe noil
lead level that would result in an estimated proba-
bility of no more than 5% that childnns blood lead
values exceed the 10 pg/dL CDC levd of concern. The-
directive also provides guidance on choosing reme-
dial measures for reducing health risk.

A major change introduced by ih« model and
guidance is its focus on "small-scale" risk assess-
ment Previous models have assessed community risk
moat commonly by using an average sofl lead con-
centration to calculate an estimated blood lead dis-
tribution far OM entire community. However, the
manual emphatically rules out broad-brush aaaeaa-
ments based on a community-wide average of soil
lead coocenmtioas u example* of "gaifaage in. gar-
bage out" risk assessment. "The home and its sur-
rounding ytud is me basic unit for risk analysis be-
cause Uad exposure for pre-school children
commonly occurs within this domain." the manual
status.

-We know that there is a great deal of variability
in soil lead concentration, and it is therefore not good
to take an average." explains Sown Griffin, chair of
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the EPA T«chnlcml Re»i«w Workgroup Cor Le«l, the
group thai ha»coontin«rrtdev»lopm<nt of the model
ovcrtha pts« thrt« ye«». "That ta why w« wani to
woct on M small • icala u powibla."

However. EPA attics argue that the modal and
guidance ham not chanted enough. The new guid-
ance oo community-wide etttmam and prediction
uncamintiM is seta as a failed attempt to address

mofraphic*. whtrtu the new values for puime-
ten euA as ina^atkxi nte and bkMnmQaUttiy we still
incorrect, critics t»y. "The model has been through
a series of revision* and partial patch-up*,* says Cnig
Boiettco, environmental health mantfer for me In-
temadonal Uad Zinc ReMarch Organizadoa an In-
dustry-nmded group. "Tneee provide some improiw-
ment, but they have not been kMpinf pace whh die
science. We are waiting to see what the Agency is
coming out with hi terms of the ongoing validation
exercise."

ERAS task has been particularly diflkuk because
the Agency has had to keep up with rapidly increas-
ing scientific knowledge, according to Biuca Means,
chief of EPAj toxics integration branch. Operating
without a regulation- mandated framework for lead
heal* risk. EPA has had to adapt its approach as the

COC acceptable blood lead level has been repeat-
edly tightened. The 1985 levtt of 25 pg/dL dropped
to 10 |ig/dL in 199 i (2). "We operate an 2 iit«-
speciOc basis, which means we are mote flexible and
we have to cry for a moving urget," says Means.

EWi guidance for dealing with lead contamina-
tion at hazardous sites has evolved since 1989 when
it relied heavily on a CDC report suggesting thai soil
lead concentrations of 50O-1000 ppm were accom-
psnied by a rise in blood lead levei. "That range wi»
intended to guide decision makers at our sites,"
Means says. "But we didn't provide a lot of discus-
sion about the range t dorrt mean to imply diat what
w« did ww wrong; its just that iiere were fewer tools
available."

An iutegiamri computer model has been the most im-
porant oew tool to become available. The ancestor
of today's IEUBK model was first developed by me
EPA Offlee of Ato Quality Planning and Standards to
integrate exposure from lead in ait water, soil dust,
diet, and paint with phannacolrinenc modeling to
predict Mood lead levels in children. The biobnenc
parameter! developed for the model in L38S were ex-
trapolated From long-term feeding studies of infant



and juveril* baboons, autopsy data on human chil-
dren, and other vnircd. Although (he model has be-
come more complex with additional components,
and die parameters have been updated, its basic
structure remains the same.

EPAi Science Advisory Board (SAB), in its 1991 re-
view of the model, endorsed dou structure as a sound
and valuable initiative for evaluating and control-
ling human exposures to lead. But, concerned, with
the potential for incorrect use oi the model, the SAB
also recommended more detailed guidance about
data acquisition. OM of default parameters, and sta-
tistical analysis. These recommendations are em-
bodied in ihe model's new guidance manual.

Supplied with a mix of site-specific and default
data, the IELTBK model describes environmental lead
intake, absorption, and elimination. Site-specific in-
puts include die concentrations of lewd, in toil dust,
water, diet, and air. These are combined with de-
fault parameters for ingestion rates to give a total up-
take of lead from all sources by the body. The ab-
sorption and biokinetic components relate ratal
uptake to blood lead levels. This calculated result is
interpreted to be the geom«tiic mean of a log-
normal distribution whose variability is character-
ized by an assumed geometric standard deviation
(GSD). The default CSD value is based on epideml-

oicny studies at Superfund sites (3\. Although EPA has
finished checking the new version's equations and
computer tude, the comparison with field data is con-
tinuing.

Devising an effective lead health nik model is
dearly a difficult and complex undertaking, so u is
fail to ask whether risk auesunents should be based
an blood lead surveys instead of computer model-
ing. After ail, blood lead is the most widely used bi-
omarker. and model results (calculated estimates of
blood lead) are often judged by comparison to ob-
served data. However, good blood surveys an diffi-
cult and expensive. It iak« an epidemiologist to de-
sign a good blood survey and a specialized laboratory
to analyze blood lead. In addition, the short half-
life of lead in blood (about 35 days) means that for
situations in which lead exposure is variable or in-
termittent, such as cases of environmental expo-
sure, blood lead provides only limited information
(5).

There is also concern thai when communities fear
a lead poisoning problem, people immediately re-
strict the activity of their children, causing a change
in dteir contact with It ad and an unrepresentative
blood lead study, says Paul Muahak. a metal toxic-
ity researcher and consultant in health and chemi-
cal sciences in Durham. NC Indeed, because mere
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is often a long time delay between discovery of a
problem and any blood lead aurvey, actions by rtg-
ulatan or public health official! also can modify ex-
posure to laad. For axampie, at Smuggler Mountain
EPA fenced off the moat significant source of lead,
a 40 ft by 600 ft benn of highly contaminaied ma-
terial In l!M&signiikwrly modifying expoturetolMd
years in advance of the 199Q blood lead survey

Howem Robert Bomscbein of the IMwniry of Qn-
dnnari Deparonant of Envireninenul Health nya that
weU-deaigncd blood U*d turwya am lauteaauunjv*.
"The whote Uaue of pubfic avwwoaM It a red herring.
Newtpaper arddaa are not enough to change behav-
ior. Tb do that you Deed several things: You have to be
sure m reach the bunitlea whh children under sfccyeaa
of age, and you have to get them to do Mfnethlng. But
people rtrery act on general information because they
and to beUeve chat tt doesn't apply to their child*

Although a weB-deaigned blood wnry is acknowl-
edged to be of gnat value, Bomschein tayi that "aa
panerai policy it would be unwiae to do blood lead
tern regularly. Using a good model ia die right way
to go." At iaaue la whether [EUBK Is (he right model.
The coruenaua aeema to be diat, though not p*f-
feet the model is a useful tool far estimating riak. The
new guidance manual seeks to address some of the
model's limitations, such m uncertainty about key
parameters end variation caused by behevtor and de-
mographics. Chief among these parameters are bio*
avallabUity and ingestkm rate.

The disenpandst between the blood lead distri-
bution* estimated by lEUQlTs predecessors and the
blood lead survey results have been greater at sites
contaminated by mining activity, such as Smuggler

Mountain, than at urban sites contaminated by smefc-
era or battery recycling operations, such u Throop.
Iwo spedal features of mining- related sites that have
been Implicated as causes of these discrepances are
the bioavailabillry of lead in various forms of mine
waste and the heterogeneous distribution of high soil
lead values. Indeed, for mining-related sices, che new
directive recommends .tire-specific assessment of blo-
availabtlity and detailed evaluation of the lead dis-
tribution.

Bloavailability, a measure of absorption, is in part a
function of particle size and specmuon. Although es-
timates of the relative bioavBihbtHty of different com-
pounds can produce a ranking ordn, die model needs
absolute bkwvmjlabflfry values applicable to the pop-
ulation most at risk— young children. Other compli-
cating factors include nutrition — a healthy diet re-
duces bioavailabiliry—and intrinsic biological factors
chat differ from specie* to ipacies and even within
the same species at different stages of develop-
ment (6). Because simple bench tests such as solu-
bility fail to measure the behavtoc of various chem-
ical forms in the body, recent research on
bioavailabimy has focused on animal testing.

Animal tests have used iduh and suckling rtts,
guinea pip. and weanling nvine in an attempt to find
a species and a stage of development most relevant
in assessing the bioavailability of lead in children.
\bungcWldrenabsorb 40-50% of ingested lead, about.
four tunes more than adulu, who absorb 10-15%; a
similar relationship between absorption and devel-
opment hu been demonstrated in other animals. As
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a result EPA regional ttMdcotogist Girls Weis advo-
cate* experiments with weanling swine because their
lead absorption physiology closer/ resembles thai of
young children. "By using an immature animal we
can address the developmental Issue. We think chat
this Is right scientifically, although studios using rats
and other animate provide needed information about
comparative physiology," he says.

The validity of earlier animal studies has been
questioned because they used extremely high doses,
CM orders of magnitude higher than what a child is
thought to ingw Weis says, AJ a result these stud-
ies greatly underestimmed absorption. Lead absorp-
tion in the gut exhibits a curvilinear dose-depen-
dent response. Human data and animal studies
indicate that the rate of uptake decreases as the dose
increases iti). a relationship consistent with an over-
load of the active transport mechanism at higher
doses. New studies point to higher rates of absorp-
tion at lower doses.

Weis believes that a consensus is emerging among
academics, industry, and agency researchers about
how to design animal experiments. He believes that
knowledge gained from animal research wiH form the
basis for designing powerful bench tests mat can bet-
ter predict bioavailabtlity. "W» would like to be able
to collect a handful of soil, look at it very carefully,
possibly using electron microscopy and some com-
positional analysis, and then predict the bioavail-
abiliry," he says.

Irifvwr ptay« i nta
BinavailabtUty clearly has a bearing on risk assess-
ment at former mining sices, but when the expert
panel at Smuggler Mountain reviewed EPA's work,
bioavailability alone was not (bund to be responsi-
ble for the overestimate of risk. Citing low soil In-
gesrJon rstan estimated by Edward Calabreee in 1989
(7>, the panel argued that EPAs rate was too high. But
the most recent work by Calabros, who is based at
the University of Massachusetts School of Public
Health (Ambers:), illustrates how elusive an accu-
rate estimate of these parameters can be. He mea-
sured th« amount ofsoQ Ingested by 64 children and
found that ecessrve soil Ingesdoo may be mote com-
mon than previously thought (fll.

In addition to soil tngestioo. a great many other
important behavioral and demographic variables an
beginning to be recognized. "W» know that factors
such aa hand-to-mouth activity family structure, and
parenting styte at* knponaat* says Bomschein. 'and
die model currently cannot adjust for these (ac-
tors." EPto Susan Griffin acknowledges the impor-
tance of such information and says that ch«r» an
plan* to incorporate behavioral and demographic
site-specific data into future versions of the model

New results from EPAJa ongoing validation stud-
ies, released in March at a meeting of die Society of
Toxicology In Baltimore, MO, attest to the impor-
tance of Incorporating more rite-specific data into
me model. D»tm from • Granite City, IL, ttudy relat-
ing environmental and blood lead levels on an in-
dividual basis were compared widi IEUBK predic-
tions based on dw same environmental data (91. Th»
match between actual blood levels and model pre-
diction* was poor when the model was run with die

only site-spedflc input being soil lead values. How-
ever, when the default parameters were modified u>
take into account site-specific behavioral and socio-
demographk information, me match between the
data and die model predictions significantly im-
proved.

ERtt new guidance require* site managers and risk
assessors m thoroughly delineate du lead contam-
ination at hazardous sites so (hat (hey can conduct
their analysis on the scale of households and neigh-
borhoods. This emphasis on small-scale nsk assess-
ment is certainly a necessary transitional step to-
ward a more realistic science-based appraisal of risk.
But this improvement, the aim of model develop-
ers and researchers, comes to the user community
without dear guidance on how to apply the model
results to calculate a joil lead cleanup level

The small-scale modeling approach embodied in
IEUBK wul need to incorporate site-specific behav-
ioral and demographic actors, but developer* are still
working on these improvements. In the meantime,
the OSWER directive specifies a risk target: an esti-
mated risk of no more than 5% of exceeding th« CDC
level of concern. But the directive fails m deady Iden-
tify to whom die analysis applies. According to the
directive it is "a rypkal (or hypotheucafldiikl or group
of similarly exposed children."

Field workers mutt grapple with this ambigu-
ous advice, but Bomichein cautions that although
the new guidance marks a transition to more ac-
curate and precise risk assessment, it strips away
the statistical power of the current model" Right now
the means predicted by die model are pretty good.
But down at the individual level, the correlation ij
very weak. If the model is used to determine clean-
ups on a house-to-Kouse basis, then it will miss at
both ends. They'll dean up some households that
don't need it but more importantly, they'll miss ord-
ers that do."

(I) Sraufjsjlsf Mountain itchafcat Advtwvr Committee. H-
IM! a*pon. Jvmary J7. im.
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